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matory reaction of the myocardium, a definition reempha-
sized by the criteria developed by Aretz and colleagues,
which base the diagnosis on the histopathologic demonstra-
tion of coexisting myocyte necrosis and cellular infiltration.9
Without denying the clinical value if not necessity of diag-
nostic standards such as the Dallas criteria, we wonder ifour
understanding of the biology of the cardiac effects of viral
infections and associated immune or autoimmune reactions
may not be better served by keeping an open mind with
regard to the morphologic and functional expressions ofviral
and immunologic effects on the heart. Viruses may also in-
vade interstitial cells such as fibroblasts, as well as vascular
smooth muscle cells. The effects of such involvement on
cardiac function have hardly been explored, although re-
cently the cytoskeleton has been given some attention in the
pathogenesis of dilated cardiomyopathy. 10

Such concepts might lead to surveys ofpatients with acute
viral disease by means of radionuclide studies such as anti-
myosin scans,'1 along with noninvasive assessments of car-
diac function such as echocardiograms and radioventriculo-
grams, and with endomyocardial biopsies, with follow-up to
determine the incidence of later evidence for dilated cardio-
myopathy.

As a logical result of the increasing evidence for a role of
the immune system in ongoing subacute and chronic myocar-
dial inflammatory processes, immunosuppressive therapy
has come into increasing clinical use, not only in patients
with biopsy results positive for active myocarditis, but also in
patients with dilated cardiomyopathy of recent onset. In view
of the absence ofproof of the effectiveness and the significant
side effects ofimmunosuppressive agents, the controlled ran-
domized trial described by O'Connell and Mason is of the
utmost importance. The considerable differences in immu-
nologic processes found in different strains of inbred mice,'7
however, suggest that immunosuppressive therapy with one
agent may not be uniformly effective. It is hoped that the
simultaneous study of indices ofhumoral and cellular immu-
nopathogenetic factors will permit an analysis of the effect of
immunosuppressive therapy in relation to subgroups of pa-
tients. It would be erroneous, however, to conclude that the
immune system has only a deleterious effect on the myocar-
dium in this disease. Studies of experimental viral infection
in mice have shown that suppression of the immune system
during the viremic phase of the infection may enhance myo-
cardial replication of virus and myocardial damage.l .3

Thus, immunosuppressive therapy should not be considered
during the acute viremic phase ofa viral myocarditis.
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The Fetus as Patient
A GENERATION AGO the human fetus seemed a mystery,
hidden within the walls of the uterus and far removed from
the efforts of diagnostic and therapeutic medicine. This
began to change in a significant way with the advent of am-
niocentesis in cases of Rh isoimmunization in the 1950s,
followed by genetic amniocentesis in the 1960s to determine
the fetal chromosomal status. By the 1970s, sonographic
imaging of the fetus had matured to the point of providing
detailed and clinically useful anatomic information within
the womb. It could truly be said that the walls separating the
physician from the fetus had crumbled and that during preg-
nancy there now were two patients calling on the skill and
technology of modern medicine, the mother and her unborn
baby.

The rapid progress in fetal medicine has been exciting to
its practitioners and to most families who seek medical infor-
mation about their unborn babies. As of the present, diag-
nostic efforts have greatly outstripped therapeutic ones on
behalf of the fetus, however. This situation is not unexpected
and parallels most other new areas in medicine. A future era
of expanded fetal therapeutic options will stand rightfully on
an established understanding of normal fetal development
and physiology and the refined ability to make correct diag-
noses.
A concomitant of rapid progress is a certain level of

confusion in other areas of society, including the law, as to
the meaning and implications of fetal medicine. Debates have
sprung up about the existence and extent of a fetal right to
medical intervention, about possible expected behaviors of a
mother vis-'a-vis her fetus, and about the means of resolution
or adjudication if there seems to be a conflict between ma-
ternal (or paternal) and fetal interests. Controversy about
elective abortion greatly complicates these questions. It is
likely that we will have continued unrest surrounding these
issues for quite some time.

The success of prenatal diagnosis has coincided with the
willingness to go to the fetus-that is, to enter the womb for
diagnostic testing. From the point of view of risks and com-
plications to the fetus and pregnancy, it would be preferable
to stay outside ofthe womb and make do with maternal blood
and urine specimens, abdominal palpation and auscultation,
or other innocuous examinations. With the exception ofmea-
surements of maternal serum ca-fetoprotein concentrations,
this safest approach has not yet been fruitful for the diagnosis
of fetal disease. Even so, it is axiomatic that the least invasive
modality of fetal examination be chosen consistent with
being able to accomplish a desired diagnosis.

One can draw obvious parallels in the diagnostic ap-
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proaches to the postnatal versus the prenatal patient. For
imaging after birth we use our eyes, x-ray films, magnetic
resonance, and sound waves. For imaging the fetus, sonog-
raphy is the mainstay; it gives excellent definition of both
surface and internal anatomy as well as certain behaviors or
functions of the fetus such as urination, breathing, blood
flow, and heart action. Magnetic resonance imaging of the
fetus is in its infancy and transabdominal endoscopic (feto-
scopic) visualization has limited use because of relatively
high risks. Sonography, on the other hand, has thus far
proved risk free. With continually improving quality, sono-
graphic imaging has become indispensable for visualizing
the fetus and, equally important, for guiding intrauterine
tissue sampling and therapeutic efforts.

Blood and urine analyses are crucial diagnostic tests post-
natally. Amniotic fluid substitutes to some extent for urine in
utero because fetal urine is a major constituent in the second
and third trimesters. The appearance of metabolic products
in amniotic fluid is attenuated, however, because of the con-
tinuous dialysis that occurs in the placenta. Blood sampling
from the umbilical cord provides small but adequate speci-
mens for the measurement of plasma constituents and the
study of cellular components. Access to the fetal blood
stream has become important not only for diagnosis but also
for initiating and observing therapeutic interventions. Intra-
uterine umbilical vein transfusions for severe anemia in the
fetus are increasingly being guided by concurrent measure-
ments ofthe fetal hematocrit.1

Tissue or cellular biopsy is another conspicuous modality
for diagnosis in the postnatal patient. It, too, has its parallel
in utero. In fact, except for anatomic definition by ultraso-
nography, cellular analyses have been the most often used
diagnostic studies of the fetus. The emphasis on genetic defi-
nition of the fetus has called for chromosomal, DNA, and
enzyme analyses and these, in turn, have required cells.
Within the womb, however, there have been two convenient
sources of cells apart from the fetal body proper. These are
the cells suspended in amniotic fluid, obtained by amniocen-
tesis, and cells from the placenta, obtained by chorionic
villus biopsy. Cells from both sites contain the fetal genome
and in most respects accurately reflect the fetal genetic
status. Amniocentesis in the second trimester has been used
widely for two decades with a small risk of miscarriage,
estimated at 0.5% to 1% or less.2.3 Chorionic villus sampling
in the first trimester is the subject of current investigations;
its attendant fetal loss rate appears to be only slightly higher,
less than 1 %, than that ofamniocentesis.4

Fetal tissue sampling directly from the fetal body is also
done. Blood sampling is the most important technique and
gives access to erythrocytes, leukocytes, and platelets. Skin
biopsy and liver biopsy have also been developed but are used
infrequently because diagnostic questions rarely require
those tissues and the risks ofthe procedures remain relatively
high.

Golbus and co-workers elsewhere in this issue report
their long experience with fetal tissue sampling. The major
experience is with fetal blood sampling, and they chronicle
the evolution of the sampling technique and the changing
indications for the procedure. The two important technical
advances were the switch from using the vessels on the chori-
onic plate of the placenta as a source of blood to those in the
umbilical cord when the fetoscope was being used5 and,
subsequently, the abandonment of the fetoscope for a percu-

taneous introduction of the blood sampling needle during
ultrasound imaging.6

The changing indications for diagnostic fetal blood sam-
pling, apart from its use in conjunction with fetal therapy,
reflect changing diagnostic technologies and different diag-
nostic questions. Today there is a rapidly increasing ability to
diagnose genetic disorders by the analysis of DNA, rather
than having to depend on gene products or altered metabo-
lism. The fetal genome is present in amniocytes and chori-
onic villus cells; genes can be studied whether or not their
products are synthesized in those cells. Thus, we no longer
need blood to analyze the hemoglobin molecule or measure
clotting factors. Instead, we can analyze the globin genes or
the genes for clotting factors.

An increasing indication for fetal tissue is the clarification
or refinement of chromosomal diagnoses. Chromosomal
mosaicism occurs in both amniocytes and chorionic villus
cells at a low rate. At times cells directly from the fetus are
desired to improve the interpretation. Mosaicism can never
be completely excluded, however, so a level of uncertainty
always remains. Also, for a few chromosomal trisomy disor-
ders, it appears that blood cells are unlikely to express mosa-
icism even though it is present in other tissues; this is prob-
ably true for trisomy 7 and trisomy 20. Further investigation
of mosaicism with these trisomy defects might call for a skin
biopsy instead of, or in addition to, blood sampling.

In recent years it has become possible to look to fetal
blood for evidence of an active infection. The immune re-
sponse of the fetus, hematologic evidence of infection, and
liver chemistries have all proved useful in this regard. Expe-
rience with both rubella and toxoplasmosis has been encour-
aging as to the accuracy ofdiagnosis.

When we accept the unborn baby as a patient, we must
also look to the safety ofour diagnostic and therapeutic inter-
ventions. As reported by Golbus and associates, the risk of
fetal blood sampling has dropped as advances have been
made in the sampling technique. In the hands ofexperienced
perinatologists, the risk of fetal loss is approaching the risk
with amniocentesis. Risks associated with several therapies
are also low. These include the use of high-dose vitamin
therapy through the mother in a few rare inborn errors of
metabolism, administering cardioactive drugs, and transfu-
sion through the umbilical vessels. Less safe or less effica-
cious have been attempts at the placement of shunts into the
fetal body or other surgical interventions. Safety continues to
improve, though, in all areas of fetal medicine even as the
range of possible diagnoses and therapies expands rapidly.
The needs of our unborn patients have become more clearly
known to us, and concerted efforts to meet those needs con-
tinue to be forthcoming.
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